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Time-reversal focused transcranial magnetic acoustic electrical stimulation

simulation and experimental research
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Abstract: Non-invasive brain nerve regulation technology has become a research hotspot in the field of
biomedicine. Transcranial magnetic acoustic electrical stimulation uses the induction electric field generated
by the coupling of static magnetic field and sound field to act on the nerve tissue to stimulate and control
the target area of the brain. The presence of the skull causes phase distortion and amplitude attenuation
of ultrasound in the propagation process, and the focus area deviates, making it difficult to achieve precise
focusing. Based on the time reversal method, this paper simulates the intracranial point sound source emission
pulse and the ultrasonic propagation process, calculates the time difference received by each array element, and

emits pulses for focus stimulation according to the principle of last come first. Compared with the traditional
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phased array focusing, the focus shift phenomenon is basically solved, the focus horizontal and vertical reso-

lution are improved, and the sound beam focusing accuracy and sound pressure intensity are also enhanced.

By setting up an experimental platform and normalizing the sound fields measured by the two focusing meth-

ods, it is verified that the time reversal method can compensate for the focus shift, it demonstrates through

experiments that there is a high consistency between the acoustic field of the ultrasonic transducer and the

distribution of the induced electric field. The virtual point source time reversal focusing based on the real brain

structure can achieve non-invasive, accurate and flexible TMAES, which promotes the development of precision

neuromodulation technology.

Keywords: Transcranial magnetic acoustic electrical stimulation; Time reversal; Precise focusing; Ultrasonic

transducer
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